Landscape-related variation in the diet composition of the common buzzard (Buteo buteo) A total of 561 pellets and prey remains were sampled in 1998-2012 from which 1065 prey and other food items were identified. Effects of habitat structure on buzzard diet composition were investigated using correlation analysis. The most abundant group in buzzards' diets were small rodents (49-80% of the biomass consumed), followed by other mammals and birds. Reptiles, anurans, fish and invertebrates constituted the rest. Proportions of all food items varied greatly between landscapes. The mean-weighted body mass of vertebrate prey hunted by common buzzards in different landscapes ranged from 107 to 244 g, constituting on average 180 g. Among small rodents, voles of the genus Microtus were hunted selectively. The food niche breadth was directly proportional to the amount of forest habitat. With increasing amount of forest habitat, the proportion of Microtus voles in buzzards' diets decreased and the proportions of other food items grew. These findings confirm the majority of previous results indicating feeding opportunism of the common buzzard. Our investigation enables better understanding of predator-prey interactions and the prey choice of the common buzzard in Belarus.
Introduction
The common buzzard (Buteo buteo) is known to be a generalist predator that feeds on a wide range of prey, mainly small and medium-sized mammals and birds, but also on other vertebrate and invertebrate animals (for example, Dementjev 1951 , Cramp & Simmons 1980 , Shalabaev & Kassal 2010 . In Belarus, there have been a few local investigations on the diet composition of the common buzzard (Golodushko 1965 , Sidorovich 2011 . However, the mechanisms of prey selection by a such versatile predator should be studied more precisely to reveal the whole variety of feeding patterns in changeable conditions. The above-mentioned studies show that in Paazerje and Białowieża Forest small mammals, birds, reptiles and amphibians were consumed by the predator in almost equal proportions (Golodushko 1965 , Sidorovich 2011 . In most European countries, common buzzards prefer to prey on small rodents (Goszczyński & Piłatowski 1986 , Selås et al. 2007 , Butet et al. 2010 , whereas in southern Europe, they have more diversified and changeable diets (Bustamante 1985 , Mañosa & Pedro 1992 , Mañosa & Cordero 1992 , Zuberogoitia et al. 2006 , Tapia at el. 2007 .
In this study we try to reveal which type of food is a result of selective predation and which is a reflection of the difference in its abundance. Thus, the aim was to analyze the diet composition and feeding habits of the common buzzard in different landscapes of Belarus in relation to the habitat structure and abundance of small rodents.
Material and methods
Data were obtained in 1998-2012 in northern and central parts of Belarus. The territory lies in the coniferous/small-leaved European forest zone. The chosen five study areas differed greatly in their ecological landscape structure, reflecting the variability of landscapes of the region (Fig. 1 , Tab. 1). The first study area, called the Chyrvony Bor terrain, is situated in the Rassony and Verkhniadzvinsk districts of the Vitebsk region (55°58' N, 28°22' E). It consists of semi-natural, completely forest covered landscape dominated by ecologicallypoor pine stands. The second study area is a forested area in the upper reaches of the Lovat' river (the Lovat' terrain), in the Haradok district of the Vitsebsk region (55°46' N, 30°15' E). There is much clay in the surface ground deposits, resulting in good water supply and abundant trace elements producing rich soil, so habitats with high plant species diversity and productivity dominate. The next study area, the Nalibotskaya Pushcha terrain, is a wide ranging woodland of the boreal nemoral type in the central-western part of Belarus (Valozhyn and Staubtsy districts of the Minsk region, and Iuje and Navahradak districts of the Hrodna region, 53°55' N, 26°20' E). Various forest habitats make up about 88% of the terrain. Large open grasslands on abandoned peat-moors spread through the forest. Many of the forest rivers were canalized in 1960s-1980s, and nowadays beavers have created numbers of small ponds from 3 to 29 per 1 km 2 . The fourth study area, called the Valozhyn terrain, is an extended rural landscape adja- Fig. 1 . Location of study areas in Belarus. Obr. 1. Študované územia v Bielorusku cent to the Nalibotskaya Pushcha terrain (54°02' N, 26°30' E). There is a dense drainage canal network across the whole territory. The last study area, the Prylepski Zakaznik terrain (Minsk district, Minsk region, 53°54' N, 27°49' E), is a relatively large fragment of young coniferous forest that is surrounded by suburban and rural areas.
The hilly relief of the northern part of Belarus originated from the last Menapian glaciation, and the mostly plain relief of the central part of Belarus is preserved from the earlier Elsterian glaciation (Matveev et al. 1988 ). The climate is humid continental. Winters are variable with alternating periods of severe frosts below -20°C and thaws lasting for some weeks. Usually snow cover persists for at least 1.5-2 months, with a maximum depth of 30-90 cm.
Data on the food of the common buzzard were obtained using the following methods: 1) Analysis of pellets (Fig. 2 ). These were gathered either under roosting sites near the known nests as well as under the nests themselves, or under roosting sites well known from visual observation.
2) Analysis of prey brought to the nest (Fig. 3) sampled in May-September 1998-2012 from which 1065 prey and other food items were identified. The material collected was analyzed as follows. The hair piles of mammalian prey from pellets and remains were microscopically examined using cross sections (Debrot et al. 1982 , Teerink 1991 . Small mammal identification was done by identification of their skulls and skull remains recovered from pellets (Pucek 1981) . The number of specimens of the same small mammal species in a pellet was estimated from the number of similar skeletal remains and using known weights of hair coat for different species (Sidorovich 2015) . Other components were analyzed using the published keys of feathers and bones of birds, bones of amphibians, bones and skin scales of reptiles (Böhme 1977 , März 1987 , Brown et al. 1999 ). Insects were distinguished by the remains of the exoskeleton.
To obtain the percentage of food biomass consumed (hereafter, % Bc), the numbers of prey individuals were multiplied by the mean body mass of that prey (Pucek 1981 , Sidorovich 2011 . If the weight of a given prey or another food item (in the case of carrion consumption) was higher than the weight of average daily food intake of the common buzzard, we used the latter value in the dietary calculations. According to Cramp (1980) this averages 120 g per day.
The mean body mass of prey (M) was calculated in the following way:
where m i -mean weight of individuals of the prey species i brought by buzzards to checked nests (for medium-sized prey) or mean weight of individuals from living populations for small mammals occurring in pellets only, p i -portion of the prey species i in the buzzards' diets.
The abundance of small rodents was estimated each year in the period July-October (post-reproductive period) by snap trapping, which is the most efficient trapping technique for most small rodent species (Wiener & Smith 1972) . Fried bread was used as bait in all types of habitats. Depending on habitat size, 20 to 35 snap-traps were set at approximately 5 m distances for three days (checked daily). Each year we performed a census of small rodents in a variety of the main habitat types (pine forests, spruce forests, black alder swamps, clear-cuts, open grassy marshes, dry meadows, and agricultural fields) that together composed more than 90% of the study areas. In a total, approximately 14,000 snap-trap observation nights were performed.
Dietary diversity (trophic niche breadth) was compared using the Levins' index B (Levins 1968) :
where p i -the fraction food item i forms of the total biomass consumed by common buzzards. The calculation was performed for 23 food categories, so the B index varies from 1 (the narrowest niche) to 23 (the broadest niche possible). Morisita's index C H (simplified, after Krebs 1999) was used to compare diets:
where p ij -the fraction food item i forms of the total biomass consumed by common buzzards in the study area j; p ik -the fraction food item i forms of the total biomass consumed by common buzzards in the study area k; i = 1, 2, 3,…, n; n -total number of food items. The index varies between 0 (exclusive niches) and 1 (complete overlap). Based on the value of this index, we formally fixed three levels of dietary overlap, with 0-0.33 representing small overlap, 0.34-0.66 as moderate overlap and 0.67-1.0 as large overlap. To assess the common buzzard's preference for a particular rodent or bird species (or species group), Ivlev's electivity index D (after Jacobs 1974) was calculated:
where r -proportion of the prey species in the common buzzard diet, p -proportion of the prey species in the living community. This index can range from -1 (total avoidance of a species) through 0 (selection proportional to occurrence) to 1 (maximum positive selection).
Variation in the dietary data obtained was assessed using the coefficient of variation (hereafter CV). Spearman's rank correlation coefficients (r s ) between proportions of different food items in common buzzard diets and landscape parameters as well as abundance of different small rodent groups were computed.
Most of the statistical calculations were carried out using ASPID/GT software (Grigyantz 1993). The STATISTICA 8.0 software (StatSoft, USA) was also used according to the recommendations given by Sokal & Rohlf (1995 Common buzzards hunted vertebrate prey in the size range from 7 g to 500 g. The mean-weighted body mass of vertebrate prey in different landscapes ranged from 106.9 g in the Nalibotskaya Pushcha terrain to 244.2 g in the Chyrvony Bor terrain, and on average it was 179.6 g (Tab. 2). Mammalian prey items were on average two times heavier than bird prey. Regarding mammalian prey, voles of the genus Microtus and the bank vole (Myodes glareolus) made up a large proportion of the diet (Tab. 2). Hares (Lepus timidus and L. europaeus) and the common mole (Talpa europaea) were also of great importance. The species composition was landscape-related. For instance, in the Pryliepski Zakaznik terrain (forest-suburban mosaic landscape), young domestic cats (Felis silvestris catus) were frequently caught by common buzzards, constituted 22.3% Bc. In the Valozhyn terrain with a large proportion of rural habitats, the common vole (Microtus cf. arvalis) was frequently preyed upon by the predator (39.5% Bc).
The species composition of small rodents captured by buzzards was compared with the rodent community living in the study areas (Tab. 3). The data indicate that buzzards captured Microtus voles more often than would have been expected from their proportion in the community. The selectivity index D for this prey was positive and lay between 0.56 to 0.92 (Tab. 4). Forest rodents (bank voles and Sylvaemus mice) were taken by raptors in lower proportions than their availability.
The species composition of bird prey also shows very broad variation. Depending on the study area, the predominant group in the common buzzard diet was thrushes of the genus Turdus, the Eurasian jay (Garrulus glandarius) or tetraonids. Proportions of other bird species were small, although they comprised in total from 2.5 to 11.1% Bc (on average 5.% Bc). Most of the birds caught by the raptor were fledglings.
Correlation analysis revealed the following features. In landscapes with a bigger proportion of open habitats, a higher percentage of Microtus vole biomass in the buzzard diets was found (r s = 0.82, P < 0.01; R 2 = 0.92, P < 0.05), and the range of food resources used by the predator was narrower there (r s = -0.73, P < 0.01; R 2 = 0.67, P < 0.05). Conversely, the food niche breadth was directly proportional to the amount of forest habitat in the landscape structure (r s = 0.78, P < 0.01; R 2 = 0.66, P < 0.05). With increasing amounts of forest habitat, consumption of Microtus voles decreased (r s = 0.83, P < 0.01; R 2 = 0.78, P < 0.05), whereas consumption of the following food categories grew: toads (r s = 0.87, P < 0.05; R 2 = 0.83, P < 0.05), anurans (r s = 0.96, P < 0.01; R 2 = 0.83, P < 0.05), snakes (r s = 0.87, P < 0.01; R 2 = 0.89, P < 0.05), lizards (r s = 0.85, P < 0.01; R 2 = 0.85, P < 0.05), soricids (r s = 0.86; P < 0.01, R 2 = 0.67, P < 0.05), bank voles (r s = 0.89, P < 0.01; R 2 = 0.89, P < taxa / taxón Chyrvony Bor Lovat' Nalibotskaya Valozhyn Prylepski Pushcha Zakaznik trap-nights (n) / pasco-noci 891 4392 5724 507 2541
Microtus mean ± SD 0.3 ± 0.5 2.0 ± 2.9 2.2 ± 5.1 3.5 ± 5.1 1 .0 ± 1 .4 min-max 0-2.7 0-1 4.6 0-25.3 0.3-29.5 0-4.0
Myodes glareolus mean ± SD 2.2 ± 1 .9 5.1 ± 3.7 4.4 ± 3.0 0.9 ± 0.3 4.8 ± 3.9 min-max 0-5.6 1 .3-34.3 0.4-1 3.2 0-1 .2 0-1 0.2 Sylvaemus sp. mean ± SD 0.8 ± 2.1 2.3 ± 2.5 2.4 ± 2.8 1 .8 ± 0.3 2.7 ± 1 .5 min-max 0-6.7 0-9.3 0.1 -1 4.7 0-2.2 0-5.8
Apodemus agrarius mean ± SD 0.03 ± 0.05 0.04 ± 0.06 0.2 ± 0.4 1 4.5 ± 9.7 1 .1 ± 1 .5 min-max 0-0. 7.2 9.9 -0.1 7 -11 .9 -1 .00
iné drobné hlodavce 0.05), and Sylvaemus mice (r s = 0.90, P < 0.01; R 2 = 0.79, P < 0.05). Moreover, the consumption of domestic animals correlated with the presence of human settlements (r s = 0.73; P < 0.05; R 2 = 0.74, P < 0.05) and the consumption of the field-striped mouse correlated with the presence of agricultural fields -r s = 0.89, P < 0.01; R 2 = 0.99, P < 0.01).
Discussion
The influence of varying food supply on the diet composition of common buzzards has been shown in many studies. Particular prey choice may be determined by habitat differences (Butet et al. 2010 , Graham et al. 1995 , Zawadzka 2002 , Šotnár & Obuch 2009 , seasonal or multiannual variations in food supply (Sylven 1982 , Spidsø & Selås 1988 , Mañosa & Pedro 1992 , Šotnár & Obuch 2009 ). Microtus voles in particular with their cyclic population dynamics are the most important prey species in most European countries (Pinowski & Ryszkowski 1962 , Truszkowski 1976 , Sylven 1982 , Goszczyński & Piłatowski 1986 , Spidsø & Selås 1988 , Zawadzka 2002 , Reif et al. 2004 , Šotnár & Obuch 2009 ). This was also the case in the western parts of Russia (Dementjev 1951 , Karyakin 1998 , and references therein) and as well as in Ukraine (Redinov 2012). Data from the UK are quite controversial. Authors from Britain state that European rabbits (Oryctolagus cuniculus) were the primary prey which influenced the diet of the common buzzard there (Moore 1957 , Graham et al. 1995 . The exception was the period of pandemic myxomatosis, when field voles (M. agrestis) predominated in the predator's diet (Moore 1957 , Holdsworth 1971 , Cramp & Simmons 1980 . In Ireland in contrast, small rodents are considered to be the main prey (Swann 2011) . Only in the northern parts of Ireland, where rodents and other small mammals are scarce, common buzzards mostly preyed on available rabbits and other vertebrate animals (Rooney & Montgomery 2013) .
Completely different findings were obtained in the Polish part of the Białowieża Forest, where birds made up 51-75% of the biomass consumed by common buzzards. Between-year variation in Microtus abundance was not reflected in the diet of buzzards there (Jȩdrze-jewski et al. 1994 ). In the Belarusian part of Białowieża Forest amphibians used to be the main food of buzzards and made up 31% of identified prey individuals (Golodushko 1965) . Birds (28%) and reptiles (21%) were important alternative prey. As noted by the author himself, that study had been conducted during a Microtus vole population crash. Our study is in good accordance with previous ones confirming the general feeding habits of the common buzzard. However, despite the buzzard's versatility, its preferred food in Belarus was clearly Microtus voles. In different landscapes of Belarus Microtus voles (mainly the common vole and the bank vole) provided the bulk of the common buzzard diets. Other small and mediumsized prey and even invertebrates diversified the diets substantially. The diet composition depended on the proportion of open habitats in the landscape structure where the abundance of Microtus voles was higher, and highly selective predation on these rodent species was revealed. The food niche breadth of the common buzzards varied from relatively medium (4.3, when Microtus voles dominated the diet) to wide (14.8, in ecologically-poor forest terrain). Widening of the trophic niche only when Microtus voles were scarce confirms the alternative prey hypothesis versus non-selective food intake on the assumption of the shared predation hypothesis.
The size of vertebrate prey brought to the nest seems to lie between that of shrews to young cats and can make up from 1% to 60% of the predator's body weight. It is interesting to notice that common buzzards sometimes had a quite unusual diet. In our case it was frequent predation upon the domestic cat in the suburban landscape surrounding our Prylepski Zakaznik study area. This most likely reflected the high number of feral cats there, even despite the high availability of small rodents. Intraguild predation is well described among vertebrate predators. Large and medium-sized raptors often kill smaller avian and mammalian predators (Jędrzejewska & Jędrzejewski 1998 , Sergio & Hiraldo 2008 , Sidorovich 2011 ). This mechanism is not only for energy benefit but rather for elimination of potential competitors.
From our analyses we can conclude that in the conditions of Belarus the common buzzard is a generalist predator with an opportunistic feeding strategy. The diet of this species is variable and reflects the availability of Microtus voles which, in turn, vary in relation to the habitat structure.
